Prokaryotic DNA replication mechanisms.
The three different prokaryotic replication systems that have been most extensively studied use the same basic components for moving a DNA replication fork, even though the individual proteins are different and lack extensive amino acid sequence homology. In the T4 bacteriophage system, the components of the DNA replication complex can be grouped into functional classes as follows: DNA polymerase (gene 43 protein), helix-destabilizing protein (gene 32 protein), polymerase accessory proteins (gene 44/62 and 45 proteins), and primosome proteins (gene 41 DNA helicase and gene 61 RNA primase). DNA synthesis in the in vitro system starts by covalent addition onto the 3'OH end at a random nick on a double-stranded DNA template and proceeds to generate a replication fork that moves at about the in vivo rate, and with approximately the in vivo base-pairing fidelity. DNA is synthesized at the fork in a continuous fashion on the leading strand and in a discontinuous fashion on the lagging strand (generating short Okazaki fragments with 5'-linked pppApCpXpYpZ pentaribonucleotide primers). Kinetic studies reveal that the DNA polymerase molecule on the lagging strand stays associated with the fork as it moves. Therefore the DNA template on the lagging strand must be folded so that the stop site for the synthesis of one Okazaki fragment is adjacent to the start site for the next such fragment, allowing the polymerase and other replication proteins on the lagging strand to recycle.